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= dV=dT . If the stress-energy of the universe
is dominated by the tachyon eld T , the Einstein eld









































































































is the initial value of scale factor during ina-
tion.
Bardeen et.al. [14] have shown that the general form
























The intrinsic curvature perturbation R of the comoving
hypersurfaces can be written as





during evolution of the universe, where ÆT represents the
uctuation of the tachyon eld and
_
T and H are deter-
mined by the background eld equations Eqs.(7)-(8). On
the analogy of discussion for the ination driven ordinary


















The evolution of the scalar perturbations is calculated
by the Einstein action. The rst-order perturbation
equations of motion are given by a second-order action.
Therefore, the gravitational and matter sectors are sep-
arated and each expanded to second-order in the per-
turbations. The action for the matter perturbations can
be determined by expanding the Lagrangian as a Taylor
series about the background equations and integrating








. In the chaotic scenario, the ina-













V (T ). Hence, the tachyon equation of motion
(4) is approximated to the one with the Lagrangian of
the normal nearly quadratic form. Furthermore, we can












the non-linear contributions. The action of linear scalar



























Eq.(15) is formally equivalent to the action for a
scalar eld with the standard kinetic term and a time-




=z in at space-time.
Note that the Eq.(15) is formally the same as the case
of ordinary scalar eld, but it is new because the de-
nition of variable z in Eq.(14) is dierent from the one
in Ref.[15]. In fact z is dependent on the equation of



































j0i = 0; etc: (16)







































= 1 + 4(T )  3(T ) + 9
2
(T )

















































Using Eqs.(7)-(10), we can give the exact expression in
which the mode functionu
k
is related to the eld T . One








; aH  k (22)
u
k
/ z; aH  k (23)
which guarantees that the perturbation behaves like a
free eld well inside the horizon and is xed at super-
horizon scales. Eqs.(14)-(17) make a dierence between
tachyon and ordinary scalar, because the curvature per-
turbations couple to the stress-energy of tachyon eld.
On each scale R is constant well outside the horizon.


























(k   l); (25)
where P
R



































The exact inationary solutions for the mode equations of
curvature perturbations might be found from two cases.
Type I: we start from the quantity z is a constant, which
is equivalent to requiring 1   2 + 3 = 0. Type II: we
also might start from the quantities (T ); (T )and (T )
are constants.
III. THE SOLUTION OF TYPE I























where A and B are arbitrary integration constants. How-
ever, we can chose A = 0 without loss of generality, as
it can be recovered by making a translation of the eld,
T ! T +
A
3
. From Eqs.(8)-(10), we have the correspond-
ing tachyon cosmology,











































































































The conformal time is



























































It is easy to nd that  tends to a constant value at late
time, or as T goes to zero.
For this solution, the cosmological properties are easily
derived. As the tachyon eld T goes to zero or innite,




The motion is not inationary at all time. From Eq.(6),








and decelerate otherwise. Thus ina-




. If this model was to
produce all the 50 e-foldings of ination needed to solve
the initial conditions problems in the standard model of
cosmology, tachyon eld must evolve to be close to zero.
4Next, we discuss the spectrum of curvature perturba-
tions produced by this model, which is similar to one of
the ination model driven by ordinary scalar eld[16].










for the growing mode, after we have imposed the bound-
ary conditions. Since the conformal time  tends to a
constant, mode function u
k
is essentially xed at super-










Note that this result is exact and independent of tachyon
eld T . By now,the inationary universe is generally rec-
ognized to be the most likely scenario that explains the
origin of the Big Bang. So far, its predictions of the
atness of the universe and the almost scale-invariant
power spectrum of the curvature perturbation that seeds
structure formations are in good agreement with the cos-
mic microwave background(CMB) observations. The key
data of CMB are the curvature perturbation magnitude












  1j < 0:1 (37)
Therefore, the spectrum of this model is "blue" as it pos-
sesses more power at large values of k, or small scales,
which is ruled out by the observable universe. However,
this model can be used to probe the accuracy of the rst
and second order approximations for the mode equation.
IV. THE SOLUTION OF TYPE II
In this case, we should demand that H satises the
dierential equations
(T ) = const:; (T ) = const: and (T ) = const:
(38)
















; (T ) =
1
n





From Eqs.(8)-(10), we have the corresponding tachyon
cosmology,



































The conformal time is
























. This model actually inate
forever. The model equation (17) is solved in terms of
Bessel functions, 
k
















are constants xed from Eq.(22). The












































In particular, we have n
R
 1 for n  1. In this limit,




at the leading order in . Only for n > 201, i.e. for
1 > n
R
> 0:98, the error of slow roll approximation is
less than 1 percent.
We briey conclude the main result of this paper. We
nd two family of exact solutions for the mode equa-
tion (17) on curvature perturbations of tachyon ina-
tion. This calculation is done to linear order, ignoring
both gravity and self-interactions of the tachyon eld.
5Since the observed anisotropies are small, this approxi-
mation is considerably more accurate than the slow-roll
approximation, and we need not attempt to go beyond
it, though it is possible to extend calculations beyond lin-
ear perturbation theory[19]. These models can be probe
the accuracy of the rst and second order expressions
for the curvature perturbation spectra. In fact, almost
all analytical predictions for perturbation spectra from
ination rely on the slow roll approximation. Further-
more, the parameter  becomes large near the top of the
tachyon potential in type I model, indicating a break-
down of the slow roll assumption. In the cases that n
are not large enough, the slow roll conditions are badly
violated by type II model. Therefore, the rst order ex-
pression does not give good agreement with the exact for
all solutions. But we have condence that we use slow
roll approximation in more realistic situations, since the
second order expression for the spectral index of curva-
ture perturbation can match the exact result to within
10 percent over most of the inationary epoch. Finally,
we point out that the slow-roll approximation is the as-
sumption that the eld evolution is dominated by drag
from the expansion is small parameters =0. We have
found the solutions of mode equation are again Hankel
function of the rst kind H
(1)
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